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BIOLOGICAL BULLETIN 


SOME NEW EVIDENCES FOR THE INDIVIDUALITY 
THE CHROMOSOMES. 


BAUMGARTNER. 


INTRODUCTION. 


Owing the renewed interest hybridization aroused the 
rediscovery Mendel’s laws, any facts that throw light any 
the theories used explain the complex phenomena the 
inheritance specific characters crosses must welcome 
biologists. his résumé the observations hybrids and 
germ-cell generation Haecker (13) lays great stress the theory 
the individuality the chromosomes. The same has been 
done Sutton (31), Cannon (7), (8) and others. this paper 
propose publish some observations made the germ cells 
crickets which furnish two lines evidence establishing still 
better the individuality the chromosome. 

The first these concerns the accessory chromosome 
whose behavior have found additional proof its distinctness 
from the other chromosomes. 

The second line evidence concerns the ordinary chromo- 
somes. Boveri (5) has recently found difference function 
the chromosomes Sutton (30) has found difference size 
and have been fortunate enough find difference form, 
characteristic shape assumed the chromosomes the pro- 
phase and metaphase the first spermatocyte division. 


METHODS AND MATERIAL. 


indicated former paper (3), Flemming’s strong 
chromo-aceto-osmic fixative best for the study cricket germ- 
cells. Thirty-five per cent. alcohol saturated with corrosive sub- 
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limate plus ten per cent. acetic acid proved fairly good but mate- 
rial thus fixed shrank too much during imbedding. 

The best stains were Heidenhain’s and 
Flemming’s triple stain. 

Besides the material used before, have collected the common 
black field cricket about Chicago, and Woods Holl, Mass. The 
specimens from Lawrence, Kans., were called Gryllus assimilis 
after comparing them with specimens the University collec- 
tion there. Mr. Lutz called the same specimens 
after comparing them with forms about Chicago. shall 
not enter into discussion what are good species among 
Gryllus what species are found the different localities, but 
shall continue use the name Gry//us assimilis for the species 
the common black field cricket until the species are better differ- 
entiated. 

The testes the field cricket were described the former 
paper and that domesticus corresponds very closely with 
shape, size, location and arrangement follicles and cysts. 

The number chromosomes the field cricket twenty- 
nine the spermatogonia and not twenty-three suggested 
the first paper. Then determined the number counting the 
chromosomes the equatorial plate the first spermatocyte 
division and there the counting difficult for the reason that the 
chromosomes usually not enter the equatorial plate the 
same time. have made great many counts since both 
spermatogonia and spermatocytes and feel confident that the 
numbers are twenty-nine, and fourteen fifteen respectively. 
domesticus there are but twenty-one the spermatogonia 
and ten eleven the spermatocytes. Because this smaller 
number domesticus more favorable for making drawings. 

The stages with their relation and limits and the use terms 
indicated the former paper. One point stated there wish 
assimilis, namely the fact that the cells one cyst are not all 
exactly the same stage development. Some the cells, 
usually one side the cyst, are little advance and others 
lag little. This makes possible see the exact sequence 
stages comparing the cells the cysts different follicles. 
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Thus one cyst will have most cells the metaphase but few 
will early anaphase, while the neighboring cyst the next 
follicle may have most the cells anaphase but few 
will early anaphase. The precocious cells one cyst con- 
nect directly with the laggards another. This great ad- 
vantage for correct interpretation the appearances. 


OBSERVATIONS. 


The accessory chromosome appears the earliest secondary 
spermatogonial divisions. During mitosis takes its place 
the periphery the equatorial plate (Figs. and 2). always 
has bend the center, and the whole the shape 
irregular horseshoe (Fig. its two ends are spread out almost 
straight that straight rod with short semicircle-like 
bend the center (Fig. the other chromosomes split 
and pass the poles the accessory also splits longitudinally 
(Fig. 3). The curves the horseshoe-like rods separate first 
and the ends the two daughter chromosomes are the last part 
All through the metaphase and anaphase the accessory quite 
little behind the others. Its ends are sometimes scarcely 
separated when the other chromosomes have reached the poles. 
During the rest stage does not become granular and disappear 
like the others but remains darkly staining mass. 

the early growth period while the other chromosomes 
become diffuse, the accessory takes its position against the wall 
the nucleus. Here lies strongly staining mass adherent 
the one side. Through all the long growth period the 
accessory can distinguished from the nucleolus its stain 
for part the time (Fig. 10), but can recognized the 
time its position lies flattened against the outer wall. 
The nucleolus, which for part the growth period takes the 
same stains does the accessory and just readily, can usually 
distinguished its rounded oval shape. Its position 
the nucleus varies with almost every cell. may the 
center near the periphery, opposite the accessory (Figs. 
and near and 7). often lies against the 
accessory even partly over (Figs. and 10). This fact led 
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Voinov (32) describe the two closely approximated bodies 
double nucleinic body corps nucleinien double.” (For 
criticism see Discussion” below.) could note differ- 
ence the size the nucleolus that was constant. the pro- 
phase the first spermatocyte division the nucleolus gradually 
loses its ability stain and disappears completely while the 
chromosomes are forming. 

The accessory chromosome can distinguished from the ordi- 
nary chromosomes late prophase its denser stain and 
smooth outline. But the chromatin concentrates more and 
more the latter must find other criteria. The position 
longer answers, many the ordinary chromosomes now come 
lie near the periphery the nucleus, and few cases 
becomes something puzzle know which the accessory. 
But about this time the shape assumed the latter becomes 
mark distinction from the others. shown Figs. 12, 13, 
15, 17, and assumes sausage shape and keeps all 
through the first spermatocyte division. the spindle 
formed and the other chromosomes are drawn toward the equa- 
torial plate, the accessory may any position whatever 
within the nucleus. McClung appears nearer one 
pole. does very frequently. may within the spindle 
out the cytoplasm Sinéty (28) thought found 
other Orthoptera. But may lie even the equatorial plate 
where seen several cases. the open the 
curved side may point toward its nearer pole. 
metaphase and anaphase usually the curved side. 

the other chromosomes move the poles the accessory 
also seems drawn towards its nearer pole but again 
laggard (Fig. 23). does not divide but passes entire one 
the poles Sinéty has already indicated for campestris 
and and McClung have described Locustids and Phas- 
mids. found few cases where the accessory was left the 
plane cleavage between the two daughter cells. Here was 
divided into two equal parts seen several cases (Fig. 22), 
and unequal one case. one case the accessory was just 
the center between two poles and showed constrictions its cen- 
ter (Fig. 21). cases believe the accessory happened 
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lie the region the equatorial plate and neither pole was 
able attract it, and being left the region the new cell 
wall was constricted mechanically. not think that this 
division the same that normal cleavage the accessory 
occurs the second spermatocyte division. 

The following fact the behavior the accessory has not 
been recorded heretofore any investigator far know. 
throws some additional light its own independence and 
hence the individuality the chromosomes. 

recorded most writers insect spermatogenesis there 
resting stage resting stage between the first and 
the second spermatocyte divisions. But have found 
what shall call semiresting stage following Katharine Foot’s 
She has described stage the 
egg which own findings correspond many particulars. 
the close the anaphase the first division the chromosomes 
are crowded around the pole. The centrosome divides about the 
time little before the chromosomes reach the pole. The 
two centrosomes begin move apart with the radiating fibers 
the asters around them individually and the spindle fibers con- 
necting them (Figs. and 24). the spindle elongating 
the chromosomes become somewhat vesicular (Figs. and 26) 
and have nuclear wall formed around them, entirely around 
only part way around (Figs. and 27). The diffusion the 
chromatin and the formation the nuclear wall seems 
farther some cells than others Fig. shows much dif- 
fusion any observed. The whole semiresting stage must 
very brief for single cyst may show cells far apart devel- 
opment shown Figs. and 30. the chromosomes 
enter the equatorial plate the second division they are usually 
crowded that impossible count them distinguish the 
accessory from the others. 


After this brief description the semiresting stage let return 
the accessory chromosome. 

the semiresting stage the accessory does not enter into the 
nucleus but forms its own wall around itself. becomes vesic- 
ular, the chromatin becoming granular and showing vacuoles 
(Figs. 24-27). Its position with relation the nucleus varies. 
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Very frequently lies just outside the nucleus that there 
seems but one dividing membrane between the two 
(Fig. 25). may entirely away from the nucleus show- 
ing the two walls very distinctly (Fig. 26). one case 
found the spindle between the accessory vesicle and the 
nucleus (Fig. 24). other cases the accessory lies entirely 
partly the other nucleus (Fig. 27); but every case 
has its own vesicular wall around itself, and does not form 
part the nucleus. course, the accessory found only 
one half the cells. 

When the second spermatocyte spindle formed the accessory 
enters the equatorial plate and can not always distinguished 
because the crowding the chromosomes spoken above 
(Figs. and cases could distinguish the indi- 
vidual ones and count them (Fig. 31). Here the accessory 
marked its size and characteristic shape. But soon all 
the chromosomes divide and move apart anaphase, they can 
counted almost every cell. The accessory again lags 
behind but usually not much the earlier stages. Figs. 
and give side views and and almost polar 
views the anaphase stage Figs. and show the accessory 
and Figs. and lack it. Figs. and are very interesting 
because they were found side side cyst and indicate the 
absence the accessory one half and its presence the other 
half the cells. The accessory the telophases and the sper- 
matids has been described former paper which readers 
are referred for its farther history. 


THE ORDINARY CHROMOSOMES. 


While the above description the accessory applies equally 
well either species Gry//us, what follows applies only 
domesticus. assimilas shows some differences size and 
shape the chromosomes, but not all marked. 


first was inclined adopt Montgomery’s (26) terms homochromosome 
and heterochromosome distinguish between the ordinary chromosomes and the 
accessory. But upon reflection seemed would lead confusion with the 
use the words heterotypic and homotypic. the terms were adopted then 
should have both homochromosomes and heterochromosomes the homotypic divi- 
sion well the heterotypic. This mixing terms seems undesirable. 
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There here one frequently showing shape somewhat 
Sinéty (28) has described Phasmid, but this not the acces- 
sory joined ordinary chromosome Sinéty interpreted his 
figure. 

domesticus the spermatogonia there are twenty ordi- 
nary chromosomes shown Figs. and These show 
differences size and also amount curving. The short 
ones are straight almost so, and the long ones are curved, 
some more, some less. The amount curving does not depend 
the length only can seen comparing chromosome 
pairs and Fig. The chromosomes can arranged 
into graded series pairs following Sutton (30) and Mont- 
gomery (25) but the differences between certain pairs often very 
slight that one could often well make groups three’s 
four’s. Fig. have made attempt bring together 
the probable pairs, but many cases the arrangement very 
unsatisfactory. course, looking the chromosomes them- 
selves with adjusting focus relations are more apparent than can 
indicated camera drawing. pairs one and two Fig. 
the two chromosomes the right side the respective pairs 
may belong together form one pair, and the two the left 
the other. Grouping them suggested would bring together 
chromosomes that not differ more than some the chro- 
mosomes the pairs they now stand, pair 

After the spermatogonial divisions are completed the cells 
enter the growth period. The chromosomes seem first 
break and the chromatin apparently becomes diffuse, yet 
appears partly threads shown Fig. have looked very 
long and carefully for massing the chromatin thread into one 
part the nucleus hoping thus find what Montgomery (22 
had described the synapsis was unable find any- 
thing that corresponded with his description drawings, although 
named one the forms which saw the syn- 
apsis stage. But upon studying the ovocytes during the growth 
period found many cells showing the conditions indicated 
Fig. 36. This drawing made from ovary taken from Scap- 
teriscus didactylus, Porto Rican mole cricket, kindly sent 
Barrett, the agricultural experiment station. Both 
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species Gryllus show the same conditions. Many the 
other cells show the loops more crowded, especially the younger 
(smaller) ovocytes while the older (larger) ones show them looser. 

With the idea mind that the chromatin thread loops 
succeeded finding Fig. the early spermatocytes. This 
figure shows the loops much massed leaving much the 
nucleus clear any case have observed. most cells the 
loops fill the nucleus completely besides the large majority 
the cells are placed the field that they show nothing the 
looping the thread. This consider the characteristic the 
the testis Gry//us and not the massing 
one part the nucleus Montgomery did his work 
Pentatoma. 

This stage appears quite early the growth period and 
comparatively long time. All the cysts from which Figs. 
and are drawn show some cells where the loops the chro- 
mosomes are quite evident, but most cells show little nothing 
such loops owing the plane cutting, indicated the 
figures. 

After this stage the chromatin becomes little more diffuse 
again before forming the definite chromosomes the first sper- 
matocyte division (Fig. 10). shall now pass the meta- 
phase where the chromosomes are completely formed and lie 
the equatorial plate region and return the late prophases sub- 
sequently. 

glance Fig. will give the reader idea the various 
forms chromosomes seen cyst full cells this stage. 
Drawings all the forms that could found showed the possi- 
bility classifying the shapes into rings, crosses and rods. The 
rod may straight, bent form bracket, parenthesis 
oran The crosses may have the ends bent form 
where one arm very short absent. All these shapes 
can seen Figs. 13-19. was observed that many cells 
showed two rings (Figs. and 18, and one two crosses and 
several rods some which were straight. there were many 
straight rods fewer other shapes appeared. Some showed 
rings others crosses. Naturally the question arose: there 
any constancy the number chromosomes cell that 
assume certain shape 
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test this sketched twenty-one groups chromosomes 
that showed variety shapes and classified them into rings, 
crosses, rods, brackets, parenthesis, S’s and found 
that but two groups showed rings and eleven groups showed 
two rings, but case were there more than two. Five cases 
showed crosses and nine cases showed two. 

evident that any one the shapes represented may 
turned such way the cell that would appear straight 
rod. This might account for the non-appearance the rings, 
any the other forms sketches. then tried the hypoth- 
esis that there were rings each cell and tested follows 

find out what per cent. rings should appear proceeded 
thus. The ring formed cylindrical rod. Measuring 
number rings with the eye-piece micronometer found that 
the opening was about one third the diameter. then 
moulded ring modeling clay making the rim rod whose 
diameter was equal that the central opening. turning 
this doughnut-like ring sheet paper was found that the 
opening was not visible for about 67° the semicircle. Sixty- 
seven and one half degrees three-eighths semicircle, hence 
three rings out every eight should not show any opening. 
But the ring becomes wide enough distinguished 
ring before the opening can seen, seemed possible esti- 
mate the percentage rings that should recognizable. 
using the above ring clay and testing several the co-workers 
the laboratory the angle which they could reason- 
ably sure that was ring and not they were seeing 
was found that average the ring could not recognized 
for fourty-five degrees the semicircle. Fourty-five degrees 
one-fourth one hundred and eighty degrees, one ring 
four should not recognizable. 

the twenty-one sketched groups ten showed all the ordi- 
nary chromosomes. there are two rings each cell, accord- 
ing the hypothesis there should present, which 
should recognizable. table shows 13. 

then sketched cells, all showing the full number 
chromosomes, 10. These should have rings, three-fourths 
which, should appear. After completing table 
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counted the number rings and found with six marked 
doubtful. count one half these get 38, just the 
required number. This does not prove that there are always 
two chromosomes that assume the ring shape, but makes 
probable. 

few facts can added from the prophase stages that in- 
crease the probability that these shapes are characteristic the 
individual chromosomes. Fig. careful drawing made 
cell late prophase. The nuclear wall still intact. The 
accessory densely stained and smooth contour. The ordi- 
nary chromosomes are not yet compact smooth outline, but 
they show many the shapes appearing later. Counting the 
chromosomes marked which was drawn from the next section 
and carefully identified belonging this cell, there are the 
two rings, two crosses and several curved and bent 
shows well-formed ring earlier stage. The formation 
the tetrads has not been studied minute detail, since this 
has been done McClung the (17) and 
(18), more favorable material for this part the problem. Fig. 
shows the chromatin rod with the longitudinal split indicated. 

Fig. gives polar view. The nuclear wall has just broken 
down and the chromosomes have not been drawn into the equa- 
torial plate. Here both ring chromosomes are visible which 
unusual polar view. Some the other shapes can seen. 
think that the chromosomes are not yet drawn the fibers 
and hence show these shapes from this view. Figs. 13, and 
made out ina single nucleus. The varied shapes can best 
seen nucleus just after the nuclear wall has broken down 
and the chromosomes are being drawn toward the center. Fig. 
and 18, are taken from cells this stage. 


Fig. have drawing made from smear preparation. 
Again appear two rings, straight and bent crosses and rods. The 
chromosome marked has its ends crossed and thus forms 
modified ring. think that this result the pressure used 
spreading the cells the cover, saw other 
slide. While the smear method shows the chromosomes well, 
none preparations made does the spindle appear and 
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difficult fix the exact stage development the cell. 
The chromosomes most smear preparations were irregularly 
distributed the cell, yet few showed them kind equa- 
torial plate. confirm what Sinéty (28) has said about the 
metaphase: parlér rigoureusement métaphase néiste pas 
dans cette categorie (first spermatocyte). many 
cells first spermatocyte there really not metaphase, that 
is, there stage which all the chromosomes lie one 
plane the equator the spindle, but some are entering 
others have separated and are passing the poles. This 
partly illustrated Fig. 17, but others drawings which 
have not been able put among these figures show this differ- 
ence arrival the equatorial plate region very distinctly. 
Some cells show good metaphase (Fig. 14). 

Fig. and show the division the ring which breaks into 
two semicircles the equatorial plane. Fig. shows the 
chromosomes described many writers the ana- 
phase the first maturation division. 

The ordinary chromosomes the semiresting stage were de- 
scribed above while speaking the accessory. 

Attention should called the difference shape the 
the former have the bent rods quite numerous, the latter 
they are mostly straight rods. The spermatogonia are curved 
less than those the second spermatocyte and more than those 
the spermatid. 


COMPARISON RESULTS AND LITERATURE. 


indicated above (28) and McClung (18) have described 
and discussed the behavior the accessory chromosome the 
spermatocytes the Orthoptera. Both papers appeared after 
own principal results were obtained. can hence add inde- 
pendent, confirmatory evidence its failure divide the first 
spermatocyte mitosis and its division the second and the result- 
ing distribution only two the four spermatids. have not 
been able confirm McClung’s observation spireme condi- 
tion the accessory the growth period. 

From the observation the peculiar chromosome 
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assimilis, very much question the correctness inter- 
pretation similar appearances But own results 
show too great differences detail between species one genus 
for deny the results another worker different family 
without seeing the form 

can add the following new facts concerning the behavior 
the accessory chromosome. the first spermatocyte spindle 
have greater variation the position which the accessory 
may found. Beside the positions described the above 
writers may the equatorial plate region and believe 
constricted the cleavage the cell. That not normal 
division the accessory chromosome proven the fact that 
the parts separated may unequal. simply mechanical 
separation the chromatin mass. 

The behavior the accessory chromosome the semiresting 
stage parallel conditions which Sutton (29) has described 
the spermatogonia Brachystola. Sutton finds that the accessory 
always has its own vesicular wall and does not form part the 
regular nucleus. the accessory has its own vesicle 
the semiresting stage between the first and second spermatocytes. 
The accessory here shows its independence the part the 
germcycle which has not been described, and offers 
additional proof its own individuality, hence the individuality 
the chromosomes. 

the variety shapes found the first spermatocytes 
not claim have anything new. But interpreting the different 
forms distinctive individual chromosomes, have assumed 
view Anyone following the investigations germ- 
cells since Weismann (33) postulated reduction division and 
Flemming (10) distinguished between heterotypic and homotypic 
mitoses will find great number shapes chromosomes 
described. Some these are characteristic certain species. 
Other species have great variety shapes the same cell. 
The efforts the workers who have found these different shapes 


McClung informs privately, since the above was written, that has 
found appearances Acrididz which indicate that the accessory chromosome may 
unite with ordinary chromosome forming L-shaped mass; and Sinéty’s in- 


terpretation probably correct. But the accessory part the L-shaped 
chromosome 
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have been directed toward reducing them single type 
form, show that all accomplish the same purpose and that 
the variations are only chance differences certain stages the 
development the tetrad stages the first spermatocyte 
division. 

impossible discuss within the limits this paper all the 
works that have described and discussed variety chromo- 
some forms the spermatocytes and ovocytes. For such dis- 
cussions would refer the reader Wilson’s 264 
572 ff. 

Wilson’s interpretation these different shapes evident from 
this quotation: But even cases where the chromatin does 
not condense into actual tetrads these bodies are represented 
chromosomes the form rings, crosses and the like, which 
are closely similar and doubtless equivalent those from which 
actual tetrads arise, and present with the same problems. 
With few apparent acceptions described hereafter, the tetrads, 
their equivalents, always arise double division single 
primary chromatin rod Wilson then discusses the 
various maturation divisions and chromosome shapes 

(a) formation with one longitudinal and one trans- 
verse naming Henking’s, Vom Rath’s, Haecker’s, 
results. 


(4) Tetrad formation with two longitudinal divisions,” Van 
Beneden and Boveri Ascaris. 


(c) formation conjugation,” Wilcox and Calkins 
especially. 

these cases the rings, etc., occur the prophases. 

Reduction without tetrad occurs where there 
resting stage and here equivalents the rings, 
crosses, etc., appear. Again, the divisions are longitudinal and 
transverse, found mostly Invertebrates, double longitudinal, 
found mostly Vertebrates and many plants. 

Korschelt and Heider classify the various mitoses under 
double longitudinal, and one longi- 
tudinal and one transverse reduction division. After dis- 
cussing very many papers giving the various forms chromo- 
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somes described, and the interpretation that has been put 
them, they make the suggestion (p. 591) that many the 
chromosome forms are artefacts, dass sich bei manchen von 
ihnen Kunstproduckte handeln mochte, wie sie durch die 
Conservirung hervorgerufen 

From the two excellent reviews the literature referred 
above will seen that all attempts explanation the 
various shapes aimed proving that there were two longitudinal 
splits the chromosomes and hence two equational divisions, 
longitudinal and transverse split, hence equational and 
reductional division. Reduction the question around which 
the whole discussion centers. 

Montgomery’s (25) observations the salamanders show 
that these forms there side-to-side union the chromo- 
somes synapsis. The Schreiners (27) have observed the same 
fact some the lower fishes. this proves true for the ver- 
tebrates general, and Farmer and Moore are correct inter- 
preting one the longitudinal splits plants the line union 
two chromosomes, then the contradiction between Korschelt 
and Heider’s eumitotic and pseudomitotic division removed. 
The question which the equation and which reduction 
division has largely lost its importance, not because they have 
lost their significance Wilcox (34) put forth, but because 
shown that there equation and reduction division whatever 
may the appearance the chromosome the prophase 
the first maturation division (see Montgomery (26)). 

wish now, after having referred the above general reviews, 
discuss several papers more detail because their interest 
from special view point. 

Griffin’s (12) work taken Korschelt and Heider (14) 
typical case their divisions. gives care- 
ful descriptions minute details. the prophase figures 
fourteen different shapes the text and describes them 
crosses, double rods, and apparently homogeneous rods variously 
coiled and page 607 says: Despite the varied 
forms presented during the prophase the chromosomes the 
equatorial plate exhibit considerable uniformity. Hence the 
various prophase forms must some manner convertible into 
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uniform type metaphase figure.’’ Then the metaphase 
tries reduce all the cross type. But not think his 
drawings bear out his contention (see his drawings 
not see how will get all the cross type. 

have the following recent papers the Orthoptera: 
McClung (17) indicates various shapes his figures the early 
prophases and says: But despite the multiplicity their forms 
these precursors the chromosomes are all referable com- 
mon This doubly split rod. Crosses prophases 
are the result the gliding together the chromatids, parts 
the split rod. Asa result the concentration the chro- 
matin chromosomes the nuclear plate appear simple 
homogeneous But they have the shape rods, crosses, 
and rings. These McClung explains the result different 
views the crosses, and the gliding the chromatids the 
bending the arms the crosses. 

The interesting fact here that while Griffin and most the 
earlier writers tried find that the chromosomes metaphase 
either were all the same shape could reduced the same 
type, McClung finds the various shapes the metaphase, and 
rings divide rings and crosses crosses. 

McClung (18) describes rings, crosses, figure etc., the 
prophase the Locustide: After concentration, while all 
trace internal (chromomeres and splits) 
gone, the general outline retained and the crosses and rings 
the early stages are still even the metaphase crosses 
and 

figures great variety the Locustide, 
and The different shapes the metaphase 
explains the different manner insertion the mantle 
fibers. This may median, subterminal But 
this gives reason for their shapes the prophases. 

Schreiner (27), and E., have described very recently 
hag-fish, dog-fish, Spinax niger, various 
forms chromosomes the prophases. the chro- 
mosomes are concentrated into round polygonal bodies, but 
“in few cases they show this stage plainly ring form.” 
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There pair very large chromosomes the spermatogonia 
and single very large one the spermatocyte. there 
are graded size differences chromosomes which they compare 
with Montgomery’s and Sutton’s results. They think the num- 
ber large chromosomes and small ones constant but have 
not proven this. The large chromosomes form rings. The 
small ones form before mitosis mostly rods, seldom haufig 
Stabchen, selten the equatorial plate the chromo- 
somes retain their shape. 

Here have then from the recent papers, McClung, 
and Schreiner, evidence that the shapes found the prophases 
are still found the metaphase. Their drawings not show 
many different forms the metaphase the prophases, but 
some are probably hidden. all the various shapes 
cell are seen best advantage late prophase, but believe 
all the shapes are still seen metaphase. careful com- 
parison Figs. and 12, late prophases, with Figs. and 
16, metaphase will prove that the same shapes are found earlier 
and later stages. The different kinds attachment the 
mantle fibers can not account for different forms the prophases, 
although may the metaphase. Fig. very instructive. 
The chromosomes are still granular and rough contour yet 
find two rings, the number probably found constantly, and two 
crosses, number frequently observed. 

That these various shapes are artefacts Korschelt and Heider 
(14) suggest, made very doubtful the fact that they are 
shown material fixed very different reagents. They 
are shown sections and smear preparations. Besides 
the great army investigators have used all kinds fixatives 
and yet have found them. 

That they are not simply stages through which the chromatin 
must pass get into the horseshoe shape the anaphase 
Lebrun (15) has assumed, combated the long continua- 
tion the same form from the early prophase the anaphase. 
reach such end would need only one type chromosome 
form single nucleus any This contrary 


the observation the majority workers who have observed 
chromosome differences. 
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That the shape not mere happening so, ring now, and 
cross then, met, part least, the probability the con- 
stancy the number rings found the various cells. could 
see way testing the constancy the other forms, such 
the cross. 

Taking all these observations into consideration seems 
the best hypothesis that can propose explain the various 
forms assumed the chromosomes the prophases and meta- 
phase the first spermatocyte say that these various shapes 
are expression the individual characteristics the various 
chromosomes. They are proof the individuality the chro- 
mosomes. would repeat the way emphasis that Boveri 
has found difference function, Sutton difference size and 
difference form the chromosomes the germ cells. 

That these observations will found have wider applica- 
tion would predict from the many indications find literature 
especially the results Ascaris. But many species 
assimilis the form the chromosomes not varied enough 
establish constancy any one form, just size differences can 
probably not found all species. Some other species will 
probably prove much better establish morphological differences 
the chromosomes than yet consider this ma- 
terial very good for the purpose. trust that other workers who 
find great variety chromosome shapes will examine their 
material from this view point. 

That the hypothesis, theory Boveri (6) would call it, has 
received unfortunate name Wilson points out his Cell,” 
299. But not believe that many cytologists think that 
chromosomes persist individuals. Nor believe that 
Haecker (13) supposes (see page 217). Nor the first 
suggest that the continuity may rest upon the achromatic sub- 
stance shown the quotation below. 

This passage quoted from Boveri (4) think gives idea 
what the advocates the hypothesis mean the individuality 
the chromosomes. habe dieselbe als die Hypothese 
von der Individualitat der Chromosomen bezeichnet, weil die 
Gebilde, die wir als selbststandige Stiicke kennen, den Namen 
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fiihren, und die nachstliegende Annahme war 
nach den Befunden von Rabl und mir der That die, dass jedes 
Chromosoma als solches ruhendem Kern fortbestehe und nur 
seine form verandere. letzter Instanz aber fordert die Hypo- 
these nichts anderes als einen genetishen Zusammenhang zwi- 
schen einem der aus dem ruhenden Kern hervorgehenden 
Elemente mit einem bestimmten der die Bildung des Kernes 
eingegangenen. Was von dem Chromosoma als selbststandiges 
Gebilde iibrig bleibt, ist fiir die Hypothese und fiir sich 
mag unser hypothetisches Individuum 
die farbbare Substanz vollig verlieren und sich erst wieder bei 
der nachsten Teilung mit ihr beladen; mag gewissen 
Zellen nur ein mit unseren Mitteln gar nicht nachweisbares 
Teilchen von jedem Chromosoma iibrig bleiben als Bildungs- 
centrum zur Entstehung der neuen Chromatin schleife Veran- 
lassung geben: jedenfalls ist die Annahme eines genetishen 
Zusammenhanges eines bestimmsten Chromatinsegmentes mit 
einem bestimmten der vorher sichtbaren die weitaus bestbe- 
griindete Annahme zur Erklarung aller Betracht kommenden 
Erscheinungen und vor allem der bei den Kernteilungen beob- 
achtenden normalen und abnormalen 
the genetic relation which most think when speaking 
chromosome individuality. Such individuality would 
supported the constancy the appearance certain shape 
bivalent chromosome. two pairs chromosomes after 
conjugation form rings every cell first spermatocyte gen- 
eration they will form them succeeding first spermatocytes 
and that means that there genetic relation. 

not wise theorize much the importance hypoth- 
esis based few observations, but few words indicating its 
meaning might not amiss. 

constant morphological difference would strongly support 
Boveri (5) and Sutton (31) their surmise that the chromosomes 
play different roles development. Sutton (31) makes this 
statement reason believe that the division prod- 
ucts given chromosome maintain their 
respective series the same size relation did the parent element 
and this taken together with the evidence that the various chro- 
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mosomes the series represent distinctive potentialities, make 
probable that given size-relation characteristic the physical 
basis definite set the above sentence 
should like substitute form for and 
for Brachystola. difference the shape the chromosomes 
indicates the fact that they form the physical basis different 
sets characters. difference shape supports sup- 
position difference chromosome” even more 
strongly than difference size. But Boveri’s method study, 
multipolar spindles, can not applied Orthoptera. 
seems probable that the test, can get any, must come from 
hybrid germ cells. Sutton (31) has shown that phenomena 
germ-cell division and expressed Mendel’s 
laws are seen have the same essential Moenk- 
house’s (21) and Metcalf’s (20) results teach that forms with 
differently shaped chromosomes can now can 
raise such hybrids sexual maturity, can probably get light 
the various shapes the chromosomes. 

Montgomery (26) criticizes Sutton (31) and says that the combi- 
nations the paternal and maternal chromosomes the fertilized 
egg not follow the Mendelian ratio. sustaining this posi- 
tion Montgomery says the Mendelian ratio can hold only cases 
where there are but two chromosomes the fertilized egg. For 
the case four chromosomes the relation would in- 
stead 1:2:1, and for twenty-four chromosomes 
Montgomery must have entirely misunderstood Sutton the 
Mendelian principle. Mendel found that pair alternative 
characters followed self-fertilized hybrids the ratio 1:2:1. 
Sutton found the same ratio for homologous chro- 
mosomes. Sutton also found ina form that had twenty-four 
chromosomes there could 16,777,214 different combinations 
chromosomes the gamete. take concrete example hy- 
brids having twenty-four chromosomes pair alternative char- 
acters ought appear the second generation hybrid the 
proportion but only one out 16,777,214 such 
hybrids should show the characters belonging one the 
pure ancestors only and none those the other. Probably Dr. 
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Montgomery meant explain his position and correct the error, 
when his criticism Haecker the Zool. Anz. June 
said: Indeed, position exactly that Sutton who argued 
that would purely matter chance which daughter 
cell particular chromosome would 

indicated above, brief criticism (32) interpre- 
tation the double nucleinic body will given. his inter- 
pretation were correct that the nucleolus contains all the con- 
densed chromatic matter, wrong claiming that this has 
been described only ovogenesis. would refer him Black- 
man’s and works Myriapods. 

But wrong saying that the nucleolus and accessory 
always approach each other the later growth period. They 
may close together the early part the growth period, 
shown Fig. The may become pale and disap- 
pear far removed from the accessory. The latter does not dis- 
appear. Voinov says, Blackman (1) has found Myriopods, 
that the nucleolus acts reservoir for the chromatin during the 
rest stage. doubt this for Gry//us, because the nucleolus not 
largest when the chromatin least apparent the spireme. 
Voinov (32) was probably misled his staining results. One 
lot domesticus shows just such conditions that would 
lead one think the chromatin the growth period stored 
the nucleolus, but all other lots refute this. 

the above criticised Montgomery’s (22) 
description synapsis. This criticism the stage 
looping described This the stage that 
Montgomery (25 and 26) has emphasized his later papers. 
The ovocytes the show the loops crowded one 
pole the nucleus, Montgomery has described Peripatus 
and certain salamanders. The loops the crickets are also 

present the reduced number and are probably formed, 
Montgomery has suggested, the union the parental chromo- 
somes into pairs. finds that the closer union the cen- 
tral pole, but material shows more free ends the central 
pole (see Fig. 36). should conclude that the closer union 
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the distal pole. The spermatocytes are small that conditions 
there are much more difficult decipher. Further study will 
probably clear this matter and reveal the method forma- 
tion the various chromosomes the growth period. 

gives pleasure express gratitude Dr. Frank 
Lillie for reading this manuscript, well much for helpful 
encouragement during the progress the work. 

LABORATORY, 


UNIVERSITY CHICAGO, 
August 1904. 
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EXPLANATION PLATE 


All drawings were carefully outlined with camera lucida and the details filled 
afterwards. For all the figures except Leitz objective and Zeiss ocular 
was used. The reduction approximately giving final magnification 2,900 
diameters, 

All the figures are taken from domesticus except and from 
and from Scapteriscus didactylus. 


The drawings are all numbered nearly possible the order the stages 
development represented, Figs. 18, and are exceptions. 
all figures accessory chromosome, nucleolus. 


Fic, Polar view equatorial plate spermatogonial division. 


Accessory 
bent into 


Fic. Idem. Accessory stretched out. 


The numbers indicate the probable 
pairs chromosomes. 


Fic. Side view spermatogonial spindle, the chromosomes just separating. 


Fic. Early stage growth period. Accessory adherent one side. The 
cell wall many other cases not drawn definite line, because many 


cases not visibly differentiated the stain and the exact limits between cells can 
not made out. 


Fic. Later growth period. The chromatin loops spireme. 


Fics. AND Later stages the spireme. The chromatin still more less 
loops. accessory and nucleolus 


Accessory lies reality 
against wall. 


Fic, Later than above. One chromosome forms ring. 


Accessory and 
nucleolus almost opposite sides the nucleus. 


Fic. Fragment cell showing longitudinally split chromatin rods. 


Fic. 10. Chromatin somewhat more diffused. 


Accessory and nucleolus lie 
together, but latter very pale color. 


Fic. 11. Late prophase, the accessory dense and with smooth contour. Ordinary 
chromosomes somewhat granular and with ragged contour. 


Chromosome was 
drawn from next 


Fic. 12. Polar view very late prophase metaphase first 
spindle. Chromosomes lie different levels. 


spermatocyte 


4 
a 
4 
| 
q 
q 
j 
4 
24 j 


BIOLOGICAL BULLETIN, VOL. Vili 


PLATE! 


. 
‘ 
» A 
q 


EXPLANATION PLATE II. 


Fics. 13, AND 15. Lateral views the spindle, Chromosomes show various 
shapes. 


Fic. 16. Lateral view chromosomes showing one ring broken one side. 
Fic, 17. Metaphase showing ring separating. 


Fic. 18. Groups and show different shapes chromosomes. Each group 
was drawn from single nucleus. Group from very late prophase; that is, not 
all the chromosomes have reached the equator the spindle. The third chromosome 

Fic. 19. drawing made from smear preparation showing the various shapes. 


The chromosome marked has the ends crossed and may the result pressure 
the nucleus. 


Fic. 


Fic. 21. Later anaphase, accessory caught the center and showing constrictions. 


Fic. 22. Telophase showing accessory separated cell walls. Magnification, 
1,860 diameters. 


20. Anaphase showing accessory nearer one pole and outside the spindle. 
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Fic. 23. Late anaphase. Centrosome divided. Accessory lagging. 


Fic. 24. anaphase. Spindle between the accessory and the ordinary chro- 
mosomes. 


Fics. 25, AND show conditions the semiresting stage. Accessory has its 
own vesicle. The ordinary chromosomes are vesicular and 26. 


Fics. AND 29. Polar views second spermatocyte spindle. Chromosomes 
crowded. 


Fic. 30. Side view second spindle. 
Fic. 31. Polar view second Chromosomes not crowded. 
AND 33. Anaphases second spindle shows accessory. 


AND 35. Polar views anaphases second spindle. The twin cell 
shows the other part the divided accessory. 


Fic. 36. Ovocyte Scapteriscus. Synapsis stage. 
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THE PHYLOGENY THE TERMITES. 
WILLIAM MORTON WHEELER, 


Among the changes that have been suggested within recent 
years the classification the larger groups insects, none are 
more important than those affecting certain groups isolated 
Burmeister Brauer under the designation Corro- 
dentia from the miscellaneous complex variously known the 
older entomologists Orthoptera, Neuroptera and Pseudoneu- 
roptera. For Burmeister the Corrodentia embraced the Termi- 
Brauer included under the Corrodentia the 
the Psocidz and the Mallophaga but assigned the 
Embiidz the Orthoptera with query. More recently some 
authors have been inclined combine the classifications Bur- 
meister and Brauer. for example, divides the 
order Corrodentia into three suborders, one comprising only the 
and called him Copegnatha, another comprising the 
Mallophaga, and third (Isoptera), sharply separated from the 
two others and comprising the and the 

Borner has raised Enderlein’s suborder Isoptera ordi- 
nal rank and thus removed the termites and Embiids from the 
order Corrodentia, which leaves only the Psocidz and the 
Mallophaga. 

Handlirsch, two valuable and suggestive papers the 
classification insects and maintains that the Corro- 
dentia (in the sense Enderlein) must resolved into four 
different orders: the Isoptera, Comstock’s sense pp. 
and including the termites only, the Psocidz, which 
Handlirsch limits the term Corrodentia, the Mallophaga (Nitsch) 
and the Embiaria Far from regarding the Em- 
biids related the termites, places these groups differ- 
ent subclasses and Embioidea). Thus the old 

infer from Hagen’s monograph the termites (’58), that the term Isoptera 


goes back Brullé and was him used the sense Termitide. this true 
the term and conception should not attributed Comstock. 
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group Corrodentia has undergone complete taxonomic disinte- 
gration, and would probably best abandon the term alto- 
gether and not limit with Handlirsch the Psocidz. 

Shipley paper devoted the emendation the 
names the insect orders, follows Sharp, who seems agree 
with Handlirsch recognizing four independent orders Isoptera 
Embioptera Psocoptera and 
Lipoptera (Mallophaga). Three these four ordinal names have 
been coined Shipley for the sake making all the insect 
orders end after the well-known classical models. Both 
Handlirsch and Borner repudiate this attempt Shipley, the 
former the grounds priority, the latter because some 
these names, like Psocoptera and Embioptera are means 
homogeneous their formation with the classic examples Lepi- 
doptera, Coleoptera, Neuroptera, etc. seems that the 
law priority nomenclature mean anything, must 
applied the names the larger groups rigorously the 
names genera and species. 

Concerning the termites, with which more concerned 
this paper, Handlirsch 738) makes the following state- 
ment: they have been regarded having very primi- 
tive organization, and the circumstance that many paleozoic and 
mesozoic forms have been (erroneously) claimed termites, 
seemed support this view. Among other characters the 
homonomy the wings has been interpreted primitive. 
study these organs, however, shows that they are highly 
specialized and that the homonomy has come about through 
atrophy the anal border the fore and hind wing. The ter- 
mite wing Blattid wing with strongly reduced anal area, 
that the homonomy secondary condition. Quite highly 
modified are the termites respect their polymorphism, the 
formation societies, the reduction the cerci, the 
tion and lengthening the ovarioles, the reduction the num- 
ber the Malpighian vessels, etc. The feebler concentration 
the thoracic segments seems have accompanied the spe- 
cialization the wings rather the decrease their function, 
and is, all events, regarded more primitive than 
the similar condition the fleas. quite impossible 
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derive the termites from the the Embiids from the 
termites. The wings the Embiids are specialized entirely 
different direction, the legs are more highly developed, are also 
the abdominal appendages, the ocelli have disappeared, etc. 
With respect their entire organization the termites may de- 
rived without difficulty from the Blattids, which agree with them 
also the position the legs and having large 
teresting the existence termite with prothoracic dila- 
tations, which have particular function and ultimately disap- 

this paragraph Handlirsch clearly formulates view which 
seems have been gaining ground ever since Hagen, nearly 
half century ago (’58, 31) insisted the close affinity 
the with the cockroaches. 

this point the subject has been taken interesting 
paper Desneux who has actually found North 
Australian termite Froggatt) form, 
which, though true termite, nevertheless structurally transi- 
tional between the and the other termites. This form, 
which only the imago known, regarded Desneux rep- 
resenting new subfamily and leads him 
propose the following arrangement the Isoptera, 


Termitini 


Calotermitini Hodotermitini 
Isoptera, Calotermes. Podotermes 


Calotermitinze 


Mastotermitinz Mastotermes. 


The blattoid characters Mastotermes, determined 
Desneux, are the following The wings have the typical blattoid 
neuration, both pairs have distinct anal area, small and bounded 
arched groove the fore wing, but the hind wing 
highly developed and folded during repose. the anterior 
wing the basal corneous portion considerable. The neuration 
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the hind wing very different from that the fore wing, and 
the anal lobe clearly marked off deep notch. The head 
without fontanelle, the antennz are long and 30-jointed, the 
labrum does not project, the prothorax large, larger, fact, 
than the head, the tibiz have row spines along their sides 
and four spines the apex. The tarsi are 5-jointed and fur- 
nished with small 

Desneux’s study Mastotermes thus supplies the keystone 
taxonomic arch which students the lower insects have been 
building for some time past. The structure is, however, still in- 
complete, since only the facts comparative anatomy seem 
have been consulted, and due regard for the facts paleontology, 
geographical distribution, embryology and ethology must had 
before can accept the derivation the from the 
established beyond contradiction. Handlirsch 
has studied fossil insects extensively, probable that has 
least found nothing paleontology contradict his theory. 
regard geographical distribution there difficulty, but 
instead singular resemblance between the two groups insects 
question, inasmuch both them are cosmopolitan and, with 
the exception very few species, confined tropical and sub- 
tropical countries. other words, countries which are most 
favorable the development Blattidz also have rich termite 
fauna. But how stands with the embryology and ethology 
the and believe that the views Hand- 
lirsch and Desneux are not without some support from these 
sources also, shall attempt show the following 
paragraphs. 

number investigators have studied the development 
various Orthoptera, including the Blattida, and Knower 
has furnished with valuable paper the embryology 
termite comparing the development these in- 
sects with one another are struck with the remarkable sim- 
ilarity between the termite and the Orthoptera, especially certain 
Saltatoria and This resemblance, which 
was recognized Knower, seen the simple nature the 
chorion, the absence vitelline membrane, the structure and 
consistency the yolk, the great volume the yolk com- 
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pared with that the incipient germ-band, the position the 
latter the posterior ventral surface the egg, the pro- 
nounced anatreptic and katatreptic movements the embryo, 
etc. Comparison the termite with the Blattid shows great 
similarity the structure the micropyles, but, have 
pointed out the blastokinetic, embryonic movements 
the latter insect are very feeble, not sufficient, fact, carry 
the embryo from the anterior the posterior surface the yolk. 
This slight movement interpreted vestige the more pro- 
nounced blastokinesis the Saltatoria. this view correct, 
must suppose the have retained the more 
pronounced movements the germ-band somewhat more prim- 
itive orthopteroid conditions than the Gressoria and 
Mantidz). This is, course, not necessarily fatal deriva- 
tion the termites from the since modification 
the embryonic development the direction partial suppres- 
sion blastokinesis may have supervened within the Blattid 
group after the had diverged from the more primitive 
family 

first blush there would seem ethological relation- 
ship between the and the The former are 
regarded omnivorous insects without social organization 
whereas the latter have specialized diet cellulose and present 
social organization only equalled surpassed complexity 
that the ants, certain wasps and bees. Somewhat closer 


Knower seems have misunderstood position regard the superficial and 
immersed germ-bands insects. any rate his long discussion this and kindred 
matters tends only befog the whole subject. expressly maintained (’93, 68) 
that the stationary, superficial germ-band primitive the Arthropoda general, 
and probably also the insects particular, but that the latter class blastokinesis, 
with without immersion, early established itself since found many primitive 
orders. Later these movements were abolished (the g., show them very 
feebly), that the higher insects (Coleoptera, Hymenoptera, Diptera, etc.) have 
secondarily returned the primitive type almost stationary, superficial germ- 
band. believe the chief stress these considerations laid the move- 
ments the embryo and not the more incidental superficiality immersion the 
embryo. Whether embryos like those Knower’s stages and 33) are 
regarded superficial immersed open serious doubt. form like the 
locustid immersed during anatrepsis, but superficial during katatrepsis. 
passing may express inability conceive why Knower courts confusion 
inverting all the figures his termite embryos. 
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study, however, shows, unmistakable ethological similarities be- 
tween the two families. Both are strongly heliophobic, dark- 
loving (negatively heliotactic) animals and hence also positively 
contact-loving thigmotactic. Our wild cockroaches, like the 
termites live dead decomposing wood the 
thermore, can shown that there are adumbrations social 
life among the Blattide. Our domestic species are somewhat 
gregarious their adolescent and adult stages. Then, too, the 
mother cockroach deposits her eggs peculiar which 
she carries about kind brood chamber formed in- 
folding the terminal segments the abdomen. The 
is, however, deposited before the young hatch. Entomological 
treatises repeat the statement that the female “croton 
(Phyllodromia germanica) assists the young escaping from the 
This observation traceable Hummel who 
recorded work which has become rather rare. The perti- 
nent passage may, however, found quoted full the works 
Audouin and Brullé pp. 36, 37) and Serville pp. 
59, 60). The fact that some our species the 
young can escape from the without maternal assistance, 
casts doubt these old observations. The female these spe- 
cies exhibits only the first rudiments social instinct the 
care the young till they are nearly ready hatch.' 

further extension maternal care seen the beautiful 
green South American cockroach, Panchlora viridis, which 
sometimes imported alive into stores and houses New York 
and Brooklyn. Riley, three short papers 
claimed that this insect viviparous, but moment’s examination 
the very facts has recorded, shows that cannot even 
regarded ovoviviparous. his third paper figures 
the semi-circular egg-mass the insect with two rows em- 
bryos arranged with their ventral surfaces face face, just 
others and myself have shown them arranged the 
Phyllodromia and Periplaneta. Moreover, delicate 


That the maternal instincts the croton are highly variable proved 
observation communicated Mr. Wm. Beutenmiiller while these pages are 
going through the press. found one these insects surrounded her young and 


still retaining her odthecal chamber the empty from which they had just 
escaped. 
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membrane, which Riley himself interprets vestigial odthecal 
envelope, encloses least the posterior half the eggs. Now 
this egg-mass, which obviously only slightly modified odtheca, 
is, according Riley’s statement, enclosed, not the reproduc- 
tive organs proper body cavity the mother insect, but 
the odthecal chamber. But this chamber, which also embraces 
least one end the other morpholog- 
ically outside the body. there can viviparity 
even this case. simply retains the 
completely within the chamber till the young 
are ready This Blattid therefore represents further 
stage the care the brood than found our domes- 
tic 

more advanced, though still very crude, stage social or- 
ganization seems represented certain like the 
singular North American Dasyposoma (Cryptocercus) punctulata 
Scudder pp. 419-421). This insect, which has been re- 
corded from Virginia, North Carolina, Pennsylvania and New 
York, appears very primitive form. Wattenwyl 
Scudder pp. 13, 15) and Saussure regard 
belonging the subfamily group comprising 
number Australian and Oriental Comparison 
fine series this insect collected Mr. Wm. 
the mountains North Carolina, with series the Australian 
Panesthia cribrata Saussure the Edwards Collection the 
American Museum Natural History shows many striking re- 
semblances shape, color, punctulation, etc. Both sexes 

This interpretation Riley’s work confirmed examination two dried 
female specimens viridis the collections the American Museum 
Natural History. Each showed shrivelled odtheca the chamber. 
dissecting one the specimens found the large size and bent the 
form with its two ends almost meeting. contained seventy-two embryos 
arranged two series the common cockroaches. 

Among primitive insects the earwigs, have long been known 
care for their eggs, collecting them when dispersed and, according some ob- 
servers, even carrying them places more favorable temperature and moisture. 
Similar habits must very ancient among the air-breathing arthropods find 
them well developed certain Myriopods which not only brood over 


their eggs but guard their young after hatching. 


Saussure und Zehntner however, include another 
primitive subfamily, the 


{ 
‘ 
4 


WILLIAM MORTON WHEELER. 


the American species, however, are apterous. Mr. Beutenmiiller 
has given some notes the habits this insect. found 
living colonies fifty more individuals, old and young to- 
gether, burrowing stumps, most frequently oak trees, that 
had nearly quite reached the red stage ligneous decay. 
The burrows were sharply defined and close together and re- 
minded him the burrows the beetle 
Here have resemblance the termites not only the rude 
social life but also the wood-boring habit. 

Further observations Dasyposoma and other are 
much needed and may perhaps enable completely bridge 
the gap that separates the rudimental social instincts such in- 
sects from the complex social instincts the The 
recent revival the study termites certainly calls 
newed interest the habits the much neglected 
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THE ANATOMY AND EMBRYOLOGY THE 
NERVOUS SYSTEM THE SCORPION.' 


Early May, 1903, the suggestion Dr. William 
Morton Wheeler, that time professor zodlogy the Uni- 
versity Texas, began collecting females and preserving 
embryos the scorpion here considered. found the scorpions 
under stones certain hills covered with scrub oak, scrub cedar 
grass the neighborhood Austin, Texas. They prefer dry 
areas with abundance broad, flat stones, least stones 
lying loosely the ground, under which they hide. The first 
scorpions collected (May 13) contained eggs early cleavage 
stages, and the last scorpions taken that year, June 10, contained 
embryos with pigment well developed the eyes. The next 
year the scorpions developed earlier, and the first June 
procured successive stages the embryo the time birth. 
Most the work was done the University Texas during 
the session 1903-04, under the direction Dr. Thomas 
Montgomery, professor zoology. 


MATERIAL AND METHODs. 


The species scorpion worked that described and fig- 
ured Pocock the Biologia Centrali Americana under 
the name Centrurioides vittatus Say. some specimens 
Professor Kraepelin, and identified them Centrurus in- 
Koch. This probably synonymous with 
Scorpio carolinianus Palisot Beauvois, and probably the spe- 
cies Patten (1890) worked on, Buthus carolinianus, stated 
his paper. 

The embryos, either the ovarian tubules dissected out, 
were fixed Lee’s picro-acetic, Kleinenberg’s picro-sulphuric, 
alcohol-corrosive-aceto-nitric Jahr. Anat. Ontog. 
Thiere, Vol. 17, heft 1903). the embryos taken from 
one mother are the same stage development convenient 


from the Zodlogical Laboratory the University Texas, No. 60. 
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keep them separate vial. The embryos may studied 
alcohol, but for cleared preparations the following process was 
found give good results: The yolk was removed with needles 
and fine brushes and the embryos were then stained Delafield’s 
diluted with water acidulated 
with trace picro-sulphuric, dehydrated 
with alcohols acidulated with the same and 
mounted balsam. The intensity the 
stain must controlled the proportions 
the stain and acid used, and the time they 
are allowed act. Eggs for sectioning were 
imbedded paraffin and the block cut 
remove much the yolk possible 
without injury the parts desired, then re- 
imbedded and sectioned and stained Hei- 
even with the use the mastic-collodion pro- 
cess, obtain perfect series the entire 
egg. Embryos ready hatch could 
some extent dissected, but contained large 


amount yolk. Fic. Camera lu- 
cida drawing the 


Adults for dissection were opened while 
fresh and the blood washed out 
partly removed physiological salt solution, 
then hardened weak alcohol. Adults for 
sectioning were taken immediately after moult- 
ing and injected with Flemming’s fluid, 
which they were left six days, followed 
pyroligneous acid (v. Mahrenthal), pyro- 
gallic acid (Hermann) for two three 


right side cleared 
surface preparation 
the embryo Cen- 
vittatus 
early the neurome- 
res are clearly distin- 
guishable, 45. cA, 
first 
seventh neurome- 
res; mouth. 


they were stained with Heidenhain’s iron after 
any good fixative. This latter process brings out the nerve- 
fiber tracts the fibrous substance the nerve center. 
staining the slide, parts sections were often washed off, 
though they had been attached with Meyer’s albumen fixative, 
flattened with the aid warm water, and dried for twenty-four 


hours. prevent this took the slides after drying and 
painted them with three fourths per cent. celloidin (Gage) and 
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Fic. Second stage 
same, 45. The post-ab- 
domen turned under 
show the posterior neurom- 
eres. first seventh 
abdominal appendages; 
first cerebral invagination, 
join later with its fellow 
the opposite side form 
the semi-lunar lobe; 
second cerebral invagina- 
tion; first four- 
teenth neuromeres. 


dried them again. After this treatment 
sections came off unless they were 
left too long absolute alcohol. 


early 1870, Metschnikoff repre- 
sented the neuromeres paired thicken- 
ings the ectoderm surface views 
the scorpion embryo, there being one neu- 
romere for the segment bearing the eyes, 


for the segment bearing the chelicera 


and for succeeding segments back 
the point where the fold the post-ab- 
domen hid them from view. 
itudinal furrow” runs from the mouth 
backward, separating the two halves 
each neuromere. His figures show also 
the relation the anterior neuromeres 
the mouth —that say the mouth 
formed the first segment and during 
development moves the posterior part 
the second segment, which process 
the second neuromere becomes pre-oral. 

Kowalevsky and Schulgin (1886) de- 
scribed the transformation undifferen- 
tiated ectoderm into nervous tissue. The 
ectoderm, the regions the future 
ganglia, begins thicken and the cells 
increase number rapidly and minute 
pits are formed all over its free surface. 
These pits are gradually filled the 
growth the cells forming their walls. 
This method cell increase and growth 
was supposed the writers possess 
peculiar advantages. Unfortunately they 
gave figures. 


Saint-Remy made comparative study the brains differ- 


ent groups air-breathing arthropods, which published 
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several papers, the last which (1887) contains the results 
all his work the subject. worked out the nerve cell- 
groups and the nerve fiber-tracts 
and came the conclusion that 
there are pre-cheliceral neu- 
romeres the scorpion. But 
his observations not seem 
support his conclusions, for, while 
showed that there are, cor- 
responding these two neuro- 
meres, two pairs optic lobes, 
described their nerve-fiber 
tracts communicating with the 
interior the united 
form one. showed great 
complexity the structure 
the brain.” 

inary paper the origin ver- 
tebrates from arachnids, com- 
pared the arachnid cephalothor- 
acic nerve mass, 
with the vertebrate brain, turn- 
ing the former up-side-down 
order get the proper relation 
with the digestive tube. the 
scorpion embryo found three 
each 
with pair optic ganglia. 
each optic ganglion was in- 
vagination. The cephalo-thor- 
acic nerve mass was composed 
thirteen neuromeres. the 
adult, typical neuromere had 
pair nerves and two 


Fic. Third stage same, 45. Onone side the head represented 
opaque object. anus; first abdominal appendage anterior margin the 
ectoderm growing over the first neuromere twentieth neuromere ectodermal 
thickening form the lateral eye; om, ectodermal invagination form the median 
eye sac; s/, semilunar lobe; rostrum. 


‘ 
> 
7 
| 
j 
q 
4 
| 
4 
q 
3 
4 


McCLENDON. 


pairs nerves, and each neural nerve had ganglion 
its base. The first neuromere was the second had pair 
neural nerves the median eyes and pair nerves 
muscles the third neuromere had pair neural nerves 
the lateral eyes and two pairs nerves muscles neur- 
omeres four nine had each pair neural nerves append- 
ages and two pairs nerves internal muscles. The 
last four neuromeres had their neural nerves all united into one 
pair, that innervated the pectines, but each had two pairs hamal 
nerves which went make system homologous the vagus 
nerve vertebrates. each the neuromeres succeeding the 
there was one pair neural nerves, and only one pair 
nerves well developed. These two pairs nerves 
united short distance from the nerve center form single 
pair homologous spinal nerves vertebrates. Patten figured 
the pits that form the neuromeres the early embryonic stages, 
and supposed that they represented sense-organs from which 
the nervous system arose. the course development piece 
constricted off each ganglion the ventral chain each 
segment and added the succeeding ganglion. 

Viallanes’ work (1893, was chiefly and does not 
bear directly our subject, but interesting note that 
held the view that there only one pre-cheliceral neuromere 
the arachnid type nervous system. 

Braner (1894-5) worked out the earlier half the embry- 
ology the.scorpion. clearly described and figured the 
early development the eyes and their relation the nervous 
system, matter that had been confused all previous workers 
the subject. supported Kowalevsky and Schulgin’s ex- 
planation the pits the embryonic nerve tissue, rather than 
Patten’s. The ectoderm was found grow over the ventral 
chain from the sides. Brauer reckoned the number neu- 
romeres the cross-commissures, there being two front 
the cheliceral segment. But not evident why 
should count cross-commissures rather than nerves ganglia, 
which are equally characteristic parts neuromere. Such 


criterion for neuromere would hardly accepted form 
like 
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Laurie (1896, and described the variation positions 
the abdominal ganglia different species scorpion. 

Police described the anatomy the nervous system the 
scorpion (1901, and the histology the subintestinal portion 
2). described the typical neuromere pair 
ganglia fused the mid-line and giving off two pairs nerves, 
and internal.” The longitudinal connectives con- 
tinue through the fibrous substance the nerve center pair 
columns,” which are connected two tracts 
commissural fibers, anterior and posterior. There also pair 
The central columns send nerve fibers 
into both pairs nerves, those going into the internal nerves 
leaving the columns the posterior cross-commissure. The 
ventral columns send nerve fibers into the external nerves. This 
fortunate, for, although some abdominal neuromeres the ex- 
ternal nerves arise from broader part the nerve center 
than the internal, and are properly described the name, the 
thoracic neuromeres they not. They had better described 
anterior and posterior, since during the early embryology they 
all conform this description. 

Lankester (1904) held the view that there only one pre- 
cheliceral neuromere. 

DESCRIPTIVE. 

Stage 1.—(Fig. 1.) This the earliest stage which the 
can clearly distinguished from the rudiments 
the appendages. addition the telson, which not con- 
sidered segment the strict sense the term, eleven seg- 
ments have been formed. Appendages are appearing segments 
two seven. Neuromeres can distinguished segments 
one seven, being represented paired thickenings the 
ectoderm indented with small pits. The first neuromere, com- 
posed pair cephalic lobes,” much larger than any 
the others. The oral invagination (0) appearing the first 
segment. From the mouth backward the tenth segment 
this stage median depression, the longitudinal furrow Met- 
schnikoff median furrow Patten. The depression caused 
the ectoderm being thinner this region. 
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Fic. Fourth stage same, 45. anterior margin ectoderm growing over 
the first neuromere first lung book maxillaria; latera- 
eye om, median eye sac; s/, semilunar lobe. 

Fic. Fifth stage same, 45. anus; first and second abdominal 
appendages ¢c, anterior border ectoderm growing over first neuromere first, 
lung book; o/, lateral s/, semilunar lobe; 4A, anterior nerve the fourth 
neuromere posterior nerve fourth neuromere. 
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Stage (Fig. 2.) Seventeen segments have formed. Ap- 
pendages are present segments two fourteen and neuro- 
meres segments one fourteen. The median furrow con- 
tinued backward and very broad segments twelve 
fourteen, condition probably due the pressure the post 
abdomen, which turned under the pre-abdomen during the 
development the embryo and not straightened out shown 
the figure. addition the numerous pits two pairs 
invaginations have appeared the first neuromere 
These invaginations, while larger than the pits, are probably 
similar them physiologically, for like them they are only tem- 
porary structures, being finally filled the growth the 
cells forming their walls. like those the neuromeres have 
formed, externally and internally the bases the thoracic 
appendages and probably represent sense organs, Patten main- 
tains. not probable however that the pits the neuromeres 
represent sense organs, since the embryology the scorpion 
specialized type that would not expect find such 
remotely ancestral structures repeated here, when not repeated 
more generalized types. The mouth has begun move back- 
ward. This accomplished two ways: First there actual 
displacement, the ectoderm surrounding the mouth being thin 
and probably offering little resistance second, the mouth opening 
elongates and the anterior portion closes the growing together 
and fusing the two sides, the remaining opening being further 
back than the center the original opening. The closure the 
anterior portion the mouth forms lip called the rostrum 
(Fig. thought some that the rostrum represents 
clear, but the only evidence see favor regarding 
derived from appendages the fact that the later embryo and 
the adult innervated special nerve (Fig. This 
nerve innervates the muscles the anterior part the cesoph- 
agus, pharynx, also and might well called pharyngeal 
rostral nerve. 
Stage (Fig. 3.) Twenty segments, the complete number, 
have formed, and neuromeres are present them. the 
anterior part each segments three twelve elliptical 
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Fic. Sixth stage same, The cephalo-thoracic appendages have been 
removed. Some the details have been filled from study serial sections. 
anus; second abdominal ¢c, anterior border ectoderm grow- 
ing over first neuromere maxillaria twentieth neuromere lateral eye 
si, semilunar lobe 4-134, anterior nerves fourth thirteenth neuromeres 3-7, 
posterior nerves corresponding neuromeres 20, twentieth body segment. 

Fic, Seventh stage same, 45. appendages removed 
fusion the nineteenth and twentieth nerve centers lateral eye omo, common 
neck the two median eye 15-20, fifteenth twentieth body segments. 
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invagination forming the median furrow. The tissue thus 
invaginated destined form nerve tissue connecting the two 
halves the neuromere each the segments mentioned. The 
process carried backward the posterior segments later 
stages (Figs. 5). These invaginations have the same appear- 
ance the numerous pits characteristic the nerve tissue, 
differing from the latter however time appearance and 
shape. The elongated shape probably due the narrowness 
the median furrow. More pits are constantly being added 
the neuromeres, and the late appearance those the median 
furrow more apparent than real. case have observed 
the invaginations the median furrow coalesce and form 
temporary central canal, Patten claims have seen. The 
walls the first pair invaginations the first neuromere have 
thickened and are fusing the mid-line form the semi-lunar- 
lobe Patten (s/). The ectoderm has begun grow back- 
ward over the first neuromere, its free border being shown 
each side there invagination the ectoderm close 
the free border, forming the median-eye-sac (om), and ecto- 
dermal thickening, form the lateral eyes The ectoderm 
has begun grow over the ventral chain from the sides, but this 
not shown the figure. Patten describes three pairs gang- 
lionic invaginations the cephalic the first which 
have represented Fig. and Fig. The second, 
describes relation the median eyes. was unable find it, 
either sections surface views. most probable that 
referred the ectodermal invagination median eye sac (Fig. 
om). The third describes relation the lateral eyes and 
near the lateral eye rudiment 

Stage 4.) glance Fig. will show that 
piece being constricted off the posterior portion each 
ganglion segments eleven fourteen and will seen 
Fig. that when the neuromeres begin separate they 
this newly formed constriction. other words the posterior 
portion one neuromere constricted off and added the 
succeeding neuromere. Patten supposed the neuromeres 
double, and used this fact, which was the first observer, 
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support his view, comparing the process re-arrangement 
pairs neuromeres. But the parts that are displaced the 
process are small masses nerve tissue without nerves cross- 
commissures and could not regarded neuromeres unless 
associated with separate segments the body. This, Patten 
attempted do, supposing the segments all arthropods 
double, shown the frequent presence bifurcated 
and the frequent occurrence insect monsters 
having double pairs the contrary observations 
and reading lead believe that, with the exception the 
diplopods probable that the segments all arthro- 
pods are single. the scorpion embryo each segment except 
the first has one pair mesoblastic somites and one pair 
appendages. 

The semilunar lobe (s/, indicated transverse band shaded 
slightly darker) has elongated somewhat and has moved up- 
ward and backward with the flexure the anterior part the 
neural band. Figs. and this process may seen 
continue until the anterior part the nerve band first per- 
pendicular the posterior subenteric portion, and then 
continued flexure bends backward. The ectoderm continues 
grow over the first neuromere (ec). The mouth has continued 
move backward, bending the cesophagus the form arc 

The appendages the tenth segment are elongating form 
the pectines, while those segments eleven fourteen have dis- 
appeared, their place being taken lung books. Sterno-coxal 
processes, called maxillaria Patten, have appeared the fourth 
and fifth segments 

Stage 5.) this stage the pits have almost entirely 
disappeared from the nervous tissue, being filled the growth 
the cells composing their walls. The ectoderm has grown 
over the ventral chain, which has now become more compact. 
The nerves have begun assume their definite form (44, 
that say the peripheral nerve fibers are being compacted into 
nerves that can distinguished sections and sometimes 
surface views. The ectoderm has grown further back over the 
head (ec). Pigment beginning appear the median eyes. 
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Fic. Median sagittal section embryo the 
seventh stage, cesophagus; omo, neck 
median eye sacs; cross commissures first 
semilunar lobe. 

Fic. Eighth stage same, anus; 
second abdominal appendage cheliceral articulat- 
fifteenth twentieth neuromeres s/, semi- 
lunar lobe 15-20, fifteenth twentieth body segments. 


Stage 6.) The median-eye 
sacs have come together the mid-line. 
this stage have worked out the nerves 
the first thirteen neuromeres. Typically 
there are two pairs nerves each neu- 
romere anterior pair Pat- 
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ten, Police) and posterior pair 
Patten, Fig. the anterior nerves are 
shown neuromeres four thirteen and the posterior 
nerves neuromeres three seven and nine thirteen (3-7, 
9-13, Inthe eighth segment the appendages have disappeared, 
and this may the reason for the absence the posterior nerves 
this segment, which would normally innervate these append- 
ages. The first neuromere has pair nerves that innervate 
the median eyes and pair nerves that innervate the lateral 
eyes. The second neuromere has pair nerves that innervate 
the chelicera and median unpaired nerve that passes along the 
cesophagus the rostrum. This rostral nerve may fusion 
the anterior nerves the second neuromere. The cheliceral 
nerves are serially homologous with the posterior nerves the 
segments bearing walking legs. the same reason have 
called the single pair nerves the third neuromere posterior 
nerves. The twentieth neuromere being drawn into the 
nineteenth segment 20). 

represents the nervous system more less transparent, with 
Fig. which represents median sagittal section the nervous 
system with outline the ectoderm, hope the reader may 
get general idea this stage the embryo without the neces- 
sity reading much description, and will call attention only 
special points. 

The median-eye sacs have come together the mid-line and 
open common neck the exterior. Nerve-centers 
nineteen and twenty have completely fused. the first neuro- 
mere there are two cross commissures, fact which leads many 
suppose that have here two neuromeres, does also the fact 
that contains two pairs optic lobes and two pairs optic 
nerves. the optic Saint-Remy has shown that they 
are intimately associated their nerve tracts. The significance 
the optic nerves relation the segmentation cannot 
determined here, they cannot homologized with anterior 
posterior nerves succeeding segments, for, the one hand, 
doubtful whether their end organs represent appendages and, 
the other hand, their roots cannot traced the ventral 
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central columns Police, 
these columns cannot 
distinguished the first 
neuromere. 

changes that have taken 
place since the preceding 
stage are slight, and may 
easily seen compar- 
noted that the fifteenth 
nerve center has shifted 
the sixteenth segment, the 
seventeenth nerve center 
the eighteenth segment, 
and that the eighteenth, 
nineteenth 
nerve-centers lie the 
nineteenth segment. 

Stage Fig. 10.) 
This represents the embryo 
the time birth. The 
definitive outer form has 
been attained but the gang- 
lia are proportionally larger 


Fic. 10. Ninth stage (at the time 
birth), 34. Drawn with the 
camera lucida from two cleared pre- 
parations, and compared with dis- 
sections and series sections. 
second abdominal appendage form- 
ing the genital opercula; chel- 
icera; base pedipalp; 
bases walking legs; 
twelfth twentieth neuromeres 
twelfth nineteenth body 
segments. 

Fic. 11. Tenth stage (adult), 
Camera lucida drawing 
dissection from the dorsal side. 
twelfth twentieth nerve 
centers; sixteenth twen- 
tieth body segments. 


“$ \ | 
75 x. 
| 


MCCLENDON. 


than older individuals. further displacement nerve cen- 
ters results that the fourteenth segment being located 
the fifteenth. 

Stage —(Figs. 11-13.) This the adult stage, and since 
there little change the nervous system after the first moult, 
except increase size, will apply equally well young old 
individuals. 

have not been able add anything the excellent work 
Saint-Remy and Police (1901, concerning the internal 
structure the nerve centers. The nervous system the 


Fic. 12. Tenth stage (adult), 34. Drawn from plastic model the cephalo- 
thoracic nerve mass made with the aid dissections and series sections three 
planes. lateral eye nerve; median eye nerve; rostral nerve; 
cheliceral nerve; branches cheliceral nerve; pedipalp nerve; 
branches pedipalp nerve running parallel short distance 4-114, anterior nerves 
neuromeres four eleven; posterior nerves corresponding 


neuromeres. 

scorpion has been dissected and figured many skilled ob- 
servers, but the light observations the embryology 
perhaps may call attention some facts interest. 

Each cheliceral nerve (Fig. 12, 2P) gives off two small 
branches just before piercing the outer neurilemma. 
ten figures two small nerves this position which calls the 
and posterior nerves” this neuromere, but 
from study their development feel certain that they are 
merely branches the cheliceral nerve. 

Patten describes and figures large ganglion connection 
with branch the pedipalp nerve and branch the 
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nerve the same neuromere. What calls the 
terior nerve another branch the pedipalp nerve. 
have carefully studied the nerves the region where de- 
scribed the ganglion (Fig. 12, but have been unable find 
the ganglion. 

The nerves the thoracic appendages and the pectines are 
larger, and arise from more ventral part the cephala-thoracic 
nerve mass than the other nerves and are classed Patten 
nerves. Fig. shows how have classified these 
nerves from study their development better than description 
would do. Fig. have shown that neuromeres eleven 


Fic. 13. Tenth stage (adult), 34. Median sagittal section cephalothoracic 
nerve first eleventh neuromeres; rostral nerve; stratified 
organ vv, blood vessels between the neuromeres. 


twenty innervate not only their corresponding segments, but each 
sends nerves muscles lying the succeeding segment. 
possible that the myomeres well the nerves are displaced 
somewhat backward. Patten claims that the scorpion some 
nerves wander segments which they did not originally 
belong, and describes certain nerves (Fig. 12, 114, 
true, and with the exception stated above, not true accord- 
ing observations. 


A Ay 
. 
y 
\ 
\ 
A 
/ 5 
4 
q 
\ 
] 
2 
3 
q 
q 


McCLENDON. 


SUMMARY RESULTs. 


the scorpion there are twenty neuromeres, corresponding 
the twenty body segments (not considering the telson 
segment). 

The type neuromere the early embryo consists pair 
ganglia fused the mid-line and two pairs nerves, anterior 
Patten Police) and posterior neu- 

The first neuromere departs strikingly from the typical neuro- 
mere the segment containing departs from the typical seg- 
ment. The second neuromere has anterior nerves unless they 
have fused form the rostral nerve. The third neuromere has 
anterior nerves. The eighth neuromere has 
nerves. The remaining neuromeres are typical. 
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LIST THE TYPES FOSSIL VERTEBRATES 
THE MUSEUM THE UNIVERSITY 
TEXAS. 


THOS, MONTGOMERY, JR.! 


considerable number fossil vertebrates, collected the 
geological surveys the State Texas under the direction 
Mr. Dumble, state geologist, had been sent Dr. 
Cope for identification. Much this material very frag- 
mentary condition, but Dr. Cope labelled all the recognizable 
specimens and described from the number new 
species. years more this material has remained 
unopened boxes, was returned Dr. Cope. the course 
the past summer have arranged these collections the Uni- 
versity Museum, and carefully determined all the type material, 
comparatively easy task since Dr. Cope had labelled such 
specimens almost all cases with the word All the 
types described Dr. Cope the reports the Geological 
Survey have been found, with those 
spatula and Microdus 

Since this valuable material has finally been rescued after 
many years obscurity, seems advisable publish list the 
type specimens for the use students vertebrate paleontology. 

this have stated the place first description each 
the species, with the exception De/todes planidens and the 
species these are not described the Geological 
Reports, and can find mention them the Zoological 
Most the species are described the Report 
the Paleontology the Third Annual Report 
the Geological Survey Texas, published 1892; 
Preliminary Report the Vertebrate Paleontology the Llano 
Estacado,” Fourth Annual Report the Geological Survey 
Texas, published 1893. For the sake brevity these two 
papers may referred respectively the Third 
and the Fourth Report.” 
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LIST TYPES FOSSIL VERTEBRATES. 


Pisces. 
Deltodes planidens Cope. 
Mesodon diastematicus Cope. 
dumblianus Cope. 
Reptilia. 
Belodon superciliosus Cope, Fourth Report, 12. 
orthodon Cope, Ibid., 15. 
dumblianus Cope, Ibid., 16. 
Testudo hexagonata Cope, Ibid., 77. 
laticaudata Cope, Ibid., 75. 
turgida Cope, Proc. Amer. Phil. Soc., 1892, 127. 
turgida, very fragmentary condition and not marked 
but probably portion the type material. 


Mammalia. 
Edentata. 
Megalonyx leptostomus Cope, Fourth Report, 49. 
Tomiopsis ferruminatus Cope, Proc. Amer. Phil. Soc., 1893, 


317. 


Proboscidea. 


Dibelodon Cope, Fourth Report, 64. 
Tetrabelodon serridens cimarronis Cope, Ibid., 18. 


Ungulata. 


Platygonus Cope, Fourth Report, 68. 

Blastomeryx (Merycodus) gemmifer Cope, Annual Report 
Geological Survey Territories, 1874, 531. Report 
Geological Geography. Surveys west the 1ooth meridian, 
1877, 360. 

Holomeniscus macrocephalus Cope, Fourth Report, 85. 

sulcatus Cope, 84. 

Procamelus leptognathus Cope, Ibid., 37. 

Protohippus fossulatus Cope, Ibid., 30. 

pachyops Cope, Ibid., 41. 

lenticularis Cope, Ibid., 41. 
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Hippidium interpolatum Cope, 42. 

Equus Cope, 67. 

eurystylus Cope, Ibid., 43. 

semiplicatus Cope, 80. 

simplicidens Cope, Proc. Amer. Phil. Soc., 1892, 124. 


minutus Cope, Fourth Report, 67. 


Carnivora. 
Felis hillianus Cope, Fourth Report, 55. 
Borophagus diversidens Cope, Amer. Nat., 1892, 


Fourth Report, 54. 
Canimartes cumminsii Cope, Fourth Report, 52. 
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